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Abstract

The constuction and performance of 12' x 12" flash
chambers used in & 340 ton neutrino detector under
construction at Fermilab is described. The flash chambers
supply digital information with a spatial resolution of 0.27,
and are used to finely sample the shower development ¢f the
resction products of neutrino interactions. The flash
chambers are easy and inexpensive to build and are
electronically read out,

Introduction

The central problem in building a neutrino detector is
to instrument & large mass with & fine grain sampling of the
final state shower to achieve good spatial resalution and a
high pattern recognition capability. Seversl techniques have
been recently developed which pnddress this problem. Each
technique is a different compromise of cost, spatial resolu~
tion, shower sampling step and technoclegieal complexity.
The flash chamber is a simple, "low technziogy™ instrument
which achieves good spatial resalution. Because of its law
¢ost, the flash chamber may be used to make a fine grain
calorimeter with excellent pattern recognition capability
and good energy and sngle resolution. Hence the flash
chamber is a good instrument to employ in a large neutrino
detector.

Recently Conversi and coworkers® have developed a
simple and inexpensive method of construeting flash
chambers, A sheet of polypropylens plastic extruded in &
honeycombd shape with 0.20" x 0.23" (5.0 mm x 5.8 mm)
rectangular cells is fitted with gas menifolds which allows &
pure Ne-He gas mixture to be maintained inside the cells.
High voltage electrodes are giued to both sides of the
polypropylene sheet. When a charged particle of interest
traverses the polypropylene sheet, the high voltage electric
field is applied thereby creating a plasmsa discharge in the
cell which had been traversed by tha particle, This plasma
discharge propegates down the full length of the flash
chamber to a region near the gas manifolds where it may be
read out electronically or opticelly. '

This report will describe the construction sand
performance of 12' x 12" (3.7 mx 3.7 m flash chambers
which are being built for the FMMN (Fermilab-MIT-MSU-
NIU) collaboration at FNAL. The low cost and simplicity of
the flash chamber has made it feasible to construct a large
340 metric ton calorimeter consisting of more than 600 flash
chamber planes. This atllows a find grained sampling (3.51
g/em”} of the showers from high energy neutrino
interactions. The calorimeter is presently under con-
struction end will faor the first experiments be used to study
v mucleon deep inelastic scattering via the weak neutral
current in the narrow baend beam and Ve elastic scattering
in the wice band beam,

Construction of Flash Chambers

The {iash chambers are built in 3 different views X, ¥
and U, which have cells 07, 80°, and 100° respectively with
respect to the horizontal plene, Each chamber is
constructed from three 4' (1.22 m) wide black polypropylene
sheets to form 2 twtlal chamber sensitive area of 12 x 12
correspanding to roughly 633 cells, The three polypronviene
sheets are fastened together by mylar tape to prevent
sparking through the seems between polypropylene s-aets,
Aluminum foils, 5 mils thiek and 36" wide by 14' leng are
glued with a water base latex contaet giue '» ine poly-
propylene to form the HV electrodes. The aiu.ninum foils
are overlapped Dy 3" and ere fastened together by
conductive aluminum tape. The HY electrodes are cut back
12" from the gas manifolds to quench the plasma discharge
before it reaches the gas manifolds thereby eliminating cell-
1o~cell cross talk.

The gas manifolds are made by welding translucent
polypropylene strips around the ends of each 4' wide
polypropylene sheet. The ends of the translucent poly-
propylene are fused together by heat to complete the gas
seal. A polypropylene tube with 40 mil diemeter holes every
2" along its length is inserted in each gas manif.-'d 10 evenly
distribute the gas within the polypropylene shee:.

The use of a welded polypropylene construction evoids
the outgassing and wncertain strength of adhesive bonding to
polypropylene and thus cireumvents a major construction
difficulty. e have refined this sealing method so that is is
very rapid to execute, and produces a religble gas seal.

Standard 30% Ne-i0% He gas with no quenchers is
used in the chambers. The gas flows from the reed out
region through the chambers at a rate of 1.5% chambers
velume/min. and is continuously purified and recirculated by
a iwo sieve gas purification system.

Pig. 1 shows the construction of an X chamber. {The ¥
and U chamber construction is quite similar.) The chambers
can be constructed by unskitled labor using a knife, soldering
gun, plastic welders, glue and tape.
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The High Voltage Pulsing Svstem

To achieve good efficiency inZependent of location on
the chambers, the high voltage puls< must have a rise time
10% to 90% f{full amplitude of ~ iU nsec over the entire
chamber area and have a duration of approximately 500 nsec
at a voltage of 5 kV. The HY rise time is critical in
initiating the plasma discharge. Measurements indieate that
the chamber efficiency is degraded by 14% if the high
voltage pulse rise time is increesed from 40 nancseconds to
100 nanoseconds, The duration of the HY pulse is critieal in
sustaining the plasma discharge long enough for it 1w
propagate down the cell to the readout section. The plasma
propagates cdown the polypropylene cell at a speed which
depends slowly on the high voltage., For 5 kV across the
polypropyiene the progation speed is roughly 10 nano-
seconds/foot.

Figure 2a shows the linear distance versus time
relation for plasma propagation generated by a s-:are high
voltage pulse. Figure Zb shows the more complex distance-
time relation for the actual high voltage pulse used on the
flash chambers. The higher propagation speed at the onset
of the discharge corresponds to the fast spike at the
beginning of the high voltage pulse.

The HV pulse is produced by & pulse forming network
(PFN) of & characteristic impedence of 5R. Each chamber
is equipped with its own PFN. A triggered spark gap, which
employes & spark plug {Champion L~20 V), acts as the
switching element of the PFN. The spark gap is operated in
dry N2 gas at atmospheric pressure.

The capacitance of the PFN is distributed in 3
locations with more capacitance in the {irst stage to insure
good rise time. Figure 3 shows the PFN circuit. The
capacitors for the first stage of the PFN are six of the
standard "door knob" type rated at 15 kV -6.5 nf. These are
mounted in parallel. The middle and last stages employ 30
ni mica capacitors. The inductors are small coils of ignition
cable and have L =(0.4ph. The 3.3 R resistance in series
with the second inductor damps the efter ringing of the HV
pulse. The flash chamber capacitance i5 roughly 30
nanofarads. A typicel HY pulse is shown in Fig. 3.

The HV pulse is fed into the chamber by a 30" wide HY
tongue at one corner of the chamber and is terminated with
two-10 (/2 watt carhon resistars in parallel on the opposite
side of the chamber. No significant variations of the high
voltnge pulse shape is observed at different locations on the
chamber.

Distance from Readout

Fig. 2a

Fig. 2b

Distance from Readout

PLASMA PROPAGATION SPEED

DISTANCE TRAVELED (FEET

Hi RASE 3t faanevien)
L

PLASMA TRANSIT TI:E

Distance vs. time of the plasma propagation fo

square HV pulse,

™ an
T

i YT

SR Y S

-
4

DISTANCE TRAVE! <n [FEET)

o

¥ PLASMA FROPASLTICN ST2E0 ‘

(BN X N}
3

Q9 %0 mEonéoMsew

PLASMA TRANSIT TIME
Distance vs, time for actual HY pulse use on

chambers.,

THE HIGH VOLTAGE PULSE FORMING AETWORK

haw u?nlﬂ

o

p L1 30at

Fig. 3
-d=

HIGH VOLYAGE PULSE

THILH
Ia

e
— -
200 maee

s

39nf r
- (w Qaun Oyuh
TOARN gAr .

v

-—I-
r3lin

*HyY

L]

The PEN circuit and a typical HY pulse,



The Read out System

The flash chambers are read out by using
magnetostrictive wire techniques o detect the current pulse
induced by the plasma discharge in a struck cell. The
current pulse is induced on 0.118" {3 mm) wide copper strips
roughly 20" (508 mm) long glued to the outside surface near
the end of each polypropylene ceil. These copper strips are
connected to the chamber ground plane and form & set of
capacitors (one for each polypropylene cell)with the
chamber hot plane which acts as the other electrode. Each
strip capacitor has the value of } picofarads. The plasma
discharge, after propogating down the 12' long cell causes
the capacitance formed between the copper readout strips
and the hot electrode to change. This induces & roughly 0.5
A current pulse to flow through the copper strips to ground.
The copper strips are made by photoetching copper clad
mylar sheets with the eppropriate cell~to-cell spacing. On
the photoetched mylar, each strip is connected to a ground
bus via a "sense” wire.

A 5 x 12 mil Remendur 27 magnetostrictive (m.s.) wire
is layed over the sense wire region. The current pulse {rom
& struck cell launches an acoustic pulse down the m.s. wire.
The acoustic pulse propogates at roughly 5000 m/see,
corresponding to a 1 usec separation for adjacent hit cells
in the polypropyl:ne. The chamber ground plane is made to
lie over the photoetched strips insulated by a layer of 5 mm
thick polypropylene. The polypropylene elso reduces the
shunt capacitance between the copper strips and the ground

plane. Fig. 4 shows a schematic diagram of this
construction.
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Fig. 4 Construction ef the readout section.

With the chamber operating in the plateau region, this
plasina induced current pulse is roughly § times larger than
the current pulse induced on the copper strips when there is
no plasma. To reduce the unwanted capecitance pickup
when there is no plasma in a given cell, a type of A C bridge
is made which balances the current through the sense wires.
The bridge is produced by a I:1 inverting cable transformer
conneeted to the hot electrode of the chamber. The
inverting transformer applies an oppasite polarity pulse to a
2" wide ealuminum Tbucking strip" layed perpendicularly
ecross all of the 0.118" copper strips. (See Fig. 4). The
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pulse on the bucking strip is optimized by resistance R, at
its input and resistance R, at its output. This reduces the
unwanted capacitive picku3 by a factor of 3 to 4. Since the
operation of the bucking cireuit is determined by geometry,
no individual tuning is necessary. In Fig, 5 are shown typical
pulses from the msagnetostrictive amplifier with the bucking
turned off and turned on. A typical signal to background

ratio of 10:1 to 20:1 is achieved wh i ircuit i
properly toasa. en the bucking circuit is
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The megnetostrictive wire 5 held in a 10 mil deep groove in
a long extruded aluminum bar {wand} , Teflon tape isclates
the m.s. wire frem the extruded aluminum ber and from the
atmesphere. Dry N, is flowed in the teflon tape bag to
prevent the m.s. wiré from corroding. A solenoidal coll is
wound arcund the entire length of the wand to periodically
magnetize the ms. wire. We found that there is an
optimum magnetization of the m.s. wire which mirimizes
dispersion, and limits the attenuation of the acoustic pulses
. Qown &' of wand to less than 20%.



Amplifiers with a gain of . 1&3 at each end of the
wand provide the analogue signals for the readout system,
Fig. 6 shows the wand construction.
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Fig. 6 The magnetostrictive wand construction.

Three liducials, one at each end end one at the middle
of the chamber calibrate the wand. Typical pulse
amplitudes {from the flash chamber are 100 to 200 mVY. The
use of two amplifiers per wand limits the number of cells to
366 which must be monitored per amplifier.

Tests have shown that the photoetched pattern readout
region is less efficient that the rest of the chamber by the
geometrie factor of 0.118/0.20 . 0.60. Apparently the E
field in the uncovered region between the copper strips is
Ingufficient to efficiently start the plasma discharge. This
inefficiency presents no problem since the readout section is
placed outsice of this 12' x 12" chamber sensitive area.

Each wand amplifier feeds a discriminator ecircuit
which in turn clock signals into a 1024 x 1 memory. The
discriminator threshold is programmed with an exponentially
decreasing value to compensate for the 20% attenuation of
signals from the middle fiducial regions. The clocking of the
memory advances at a frequency such that 2+ e( €is a small
number) counts occur per microsecond. Hence the 1024 x 1
memory allows slightly more than one half of the number of
cells in a given flash chamber to be digitized by a given
amplifier-discriminator-memory board. The use of this
clock frequency evoids synchronization problems and
ambiguities caused by slight wvariations in the cell
separation.

‘The memory boards are read out by an asynchronous

into CAMAC to a PDP-11 computer. Fig. T is a block dia-
gram of the read out system.

Construction Cost

A flash chamber plane can be built by an unskilled
laboc crew of 5 at a rate of roughly 3 per 8-hour day. The
cost of one flash chamber plane is roughly $400 parts and
labor for the flash chamber plane, $100 [or the wand and
amplifiers and roughly $100 for the PFN high voitage pulsing
system. We have set up a small factory and expect to {inish
the construction of the entire 800 {lash chamber planes in
about 7 months. To date we have produced roughly 260
completed flash chamber planes.
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Fig. T Block disgram of the readout system.

Chamber Perfrrmance

We have tested 40 chambers with cosmic rays. Here
we will describe the typicsl behavior of the 40 chambers.
Typical data for these tests were taken from cosmic ray
gl_uons tracks through 1§ chambers such as those shown in

ig. 8.
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Fig. 8 Cosmie ray muon tracks through 16 chambers (1
modute).

The high wvoltage characteristies for 4 chambers
torming a U-X-Y-X unit are shown in Fig. 9. Potted in the
same {iyure is the average multiplicity of hit cells per
trigger. We see that from 3.75 kV to 5 kV all chambers
follow the same curve and reach a plateau at an efficiency
of 80%. Roughly half of the 10% inefficiency is due to the
fnner well thickness whieh separates individual cells. The
remaining 5% inefficiency is thought to be due to
recombination of the initial ionization electrons and
sweeping of these electrons by the HV pulse before the
avalence mechanism begins. The multiplicity per trigger is
a slowly inereesing curve.

The uniformity of the high voltage response of a
chamber has been tested by measuring the HY plateau of en
X chamber at various locations, The results of this study
show that the chamber is uniformally efficient over the
entire 12' x 12’ sensitive area at a high voltage > 3.75 kV.

The operating range of the discriminator has been
investigated. On the plateau, there is a discriminator level



range of roughly +50%, where the chamber is elficient and
where the average multiplicity and the percentage of
adjucent double hits is weil behaved. Fig. 10 shows a typical
discriminator curve.
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The chamber efficiency versus delay is shown in Fig.
11 for various gas flow rates, We see that the chamber
sensitive time may be adjusted by varying the gas flow rate.
Delays of roughly 600 nsec ¢an be tolerated with a small loss
of efficiency {9.6% at a rate of ~16%/ usec) at a chamber
ges flow of 1.5% vol./min. Higher gas flows can extend the
efficient region to longer sensitive times.

The recovery time of the flash chambers has been
investigated by refiring the high voltage pulse after a
variable cdelay time and measuring the probability for the
struck cells of the initial event to reignite. The recovery
time measuwred &5 & reignition probability versus delay is
shown in Fig. 12, We see that the flash chambers are
limited 1o only 1 event every 2 seconds. This rate is
adequate for measurements in the FNAL neutrino beam
which is pulsed once every 10 seconds. A small electro-

negative gas impurity in the Ne-He chamber gas may
shorten this recovery time, but care must be laken not Ic
significantly shorten the chamber sensitivity time. (We
have not yet studied the use of quenching agents in the gas.)
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Pig. 12 The reignition probability versus delay.

The shower response of the flash chamber has been
measwed extensively in the test celorimeter and has bean
reported earlier.? TFig. 13 a and b show photographs taken
of two typical electron showers and typical hadron showers
in a 6 3 plane test calorimater. The flash chambers in the
test calerimeter were 17" x 17", We observe that the flash
chambers are capable of supporting many tracks with no
noticable degradation of efficiency. The high pattern
recognition capability makes electromagnetic showers easily
distinguishable from hadronic showers. We wish te varify
that this excellent shower response is maintained in the fuil
size flash chambers with the subsequently developed
electronie readout.

A typical wand output for a cosmic ray shower is
shown in Fig. 14. We see that the adjacent cells are easily
separated. Fig. 15 is a computer reconstruction of the X
view of & large shower in one modute (15 chambers) of the
calorimeter. Individual tracks are easily distinguished.
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Fig. 14 "The wand amplifier output for a massive shower,
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a large shower.

To messure the multitrack efficiency of the chambers,
the output of one wand amplitier was fed simultaneously
into 8 different dsecriminators. Fig. 16 shows the [raction
of hit celis lost for a fixed discriminator setting versus the
number of hit cells in one flash chamber plane. We see that
up to 100 hits per plane may be read out without loss of
efficiency.  Higher multipiicity showers have a slowly
decreasing efficiency and even for truely massive showers of
400 hits per plane, only 23% of the total number of hit cells
are lost. A typical 200 GeY hadron shower il give no more
than 60 hit cells at the shower maximum, an:: thus there is a
large safety margin. The number of hit ceu. at the shower
maximum is expected to rise slowly, so that even at 1 TeV
where - 100 flash chamber cells are expected to be hit in
the shower maximum, showers will be detected with & high
efficiency.
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Fig. 16 The fraction of hit cells which are below a [ixed
diseriminator setting versus the number of hit
cells in the flash chamber plane.



Flash Chamber Calorimetty

The flash chamber is a digital device. Hence to obtain
good energy and engle measurements, the flash chambers
must be deployed with a fine granulerity. The flash
chambers can measure the energy flow direction of a shower
and can determine the energy of the shower by counting the
total number of cells which are hit. Furthermore, the
patterns of the shower development can be used to
distinguish hadronic from electromagnetic showers. Here
we epply some additional higher energy measurements of the
test calorimeter*to the calorimeter under construction in
the FMMN experiment to predict the resulting energy and
angular resolutions for electron and hadron showers.

Fig. 17 shows the overview of the calorimeter under
construction. Roughly 340 metric tons can be constructed in
the 60' space available. A set of 3 - 24' solid iron torpidal
megnets and 4 - 12* toroidal magnets located downstream
of the calorimeter momentum analyze muens. The sensitive
area of the calorimeter is 12' x 127,
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Fig. 17 The plan view of the FMMN calorimeter.

The construction of one module is shown in Fig. 18,
The module is compased of 4 ~ 4" wide beams of 4 flash
chambers each in the sequence U-X-Y-X. The Rash
chambers are placed between layers of 5/8" thick acrylic
plastic extrusions filled alternatively with sand and with
steel shot. Proportional tube planes are placed at the ends
of the module to provide a trigger and an independent
measure of the shower energy. Liquid scintillation counters
are placed every 80 chambers (5 modules) to give a high
efficiency fest timing signal.
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The ayerage sampling of the flash chambers per viev
b 7.2 g/em®, corresponding to 43.6% of a radiation Jengtt
and 6.11% of an absorption length. The gverage distribute:
density of the calorimeter is 1.4 g/em”. The par&icula.
combination of 1 plane of sand with 3° 1.45 g/em” and
plane of steel shot with = 3.10 g/em® gives an average &
of 21. This construction is & good compromise for angula.
resoiution, energy resolution, shower containmeni anc
neutrino event rate.

The expected sngular resolutions f{or the FMMP
calorimeter are shown in Fig. 19a and 195 for electror
induced showers and for hadronie showers tespectively
These data are taken from the test calorimeter and sgalec
to the FMMN calorimeter sampling step of 7.2 g/fem™ pe:
view. These resolutions are somewhat better than those
reported by the CHARM collaboration® at CERN.,  Gooc
angular resolution is of extreme importance in obtaining
geod resolution on the scaling variableS for the semi-
lept onic weak neutral current deep inelastic scattecing
experiment and for the background diserimination in the vif
elastie scattering experiment.

T T -

/
ELECTRON ANGULAR
RESOLUTICN 7

]
L
1

o (8e) mrad
o
1
4

oldu(2o. f:w

s -/ -
ol RIS |
Qo Ql [¢F
T Gev™)
.
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showers in the FMMHN calorimeter.

The energy resolution of the calorimeter is determined by
the fluctuation of the number of. firing :ells in a given
shower, and the energy response curve of the calarimeter.
All three flash chamber views may be used for the energy
d7ter§1ination, hence the appropriate sampling step is 3.6
g/em”.

The electron energy resolution is shown in Fig. 20a.
We see that the statistical flyctuations of the number of
firing cells decresses as ET ¥, but the nonlinear energy
response arising from the fifing of all the chamber cells in
the shower core makes the resuiting energy resolution
roughly constant with energy. The estimated hadron energy
resolution is shown in Fig. 20b. Substantial corrections for
the leakage out the end of the test calorimeter had to be
applied to make this estimate. Here the energy resolution
8t low energies improves with increasing energy until at high
enough energies (- L0¢ Gev) the nonlinear response starts to
degrade the energy resolution.
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Summery

The flash chamber is an inexpensive, simple device
which is well suited for accelerstor neutrine physics. We
have demonstrated that the flash chamber has excellent
multi treck efficiency which 5 necessary for high energy
hadronie cascade measurements. The electronie read out
scheme we have developed permits the utilization of flash
chambers in very large arrays. The low cost and simplicity
ol these [lash chambers make it possible to build large
calorimneters with very fine grained shower sampling. The
high pattern recognition capability of the calarimeter should
make it possible to explore new areas in neutrino physies at
TeV energies.
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Fig. 20b The estimated hadron energy resolution.
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